The ability of vaccinia virus to replicate in HeLa cells which had been previously infected with adenovirus type 2 (Ad2) was studied in order to gain insight into the mechanism by which adenovirus inhibits the expression of host cell functions. Vaccinia virus was employed in these studies because it replicates in the cytoplasm, whereas Ad2 replicates in the nucleus of the cell. It was found that vaccinia deoxyribonucleic acid (DNA) synthesis is greatly inhibited in adeno-preinfected HeLa cells provided that vaccinia superinfection does not occur before 18 hr after adeno infection. The inhibition of vaccinia DNA synthesis can be traced to an inhibition of vaccinia protein synthesis and viral uncoating. Vaccinia ribonucleic acid (RNA) synthesis is not inhibited in adeno-preinfected cells, but the vaccinia RNA does not become associated with polysomes.
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Cellular deoxyribonucleic acid (DNA) synthesis has been reported (16) to be blocked extensively in mammalian cells 18 to 24 hr postinfection with adenovirus type 2 (Ad2). Host protein synthesis is also specifically inhibited 16 to 20 hr postinfection with Ad5 (2). However, there are difficulties associated with studying points of specific synthetic blockage in HeLa cells induced by adenovirus due to the fact that the host cell possesses a high degree of complexity. We resolved therefore to study the mechanism by which adenovirus blocks the replication of another DNA virus (vaccinia). It Preparation of cell extracts. Cells were harvested by centrifugation and the cytoplasmic fraction was prepared in hypotonic buffer as previously described (1) . Polyribosome analysis of the latter cytoplasmic fraction was performed by sucrose gradient centrifugation (18) . The crude cytoplasmic fraction was used directly for assays of thymidine kinase (4) and DNA polymerase (10) . DNA-RNA hybridization. Ad2 DNA was purified essentially by a Pronase digestion and phenol extraction procedure (14) . Vaccinia DNA was purified as previously described (11) . DNA Fig. 3 , the synthesis of both these enzymes was considerably inhibited in adeno-preinfected cells. The data presented (Fig. 3 a) are corrected for background thymidine kinase activity which is known to increase after Ad2 infection (17) .
Synthesis of vaccinia RNA in Ad2-infected cells. As mentioned previously, vaccinia protein synthesis could be inhibited as a result of a primary inhibition of vaccinia messenger RNA synthesis. The following experiment was performed to determine if there was an inhibition of vaccinia RNA synthesis. Cells were superinfected with vaccinia, the cultures were labeled with 3H-uridine for 10 min, and the cytoplasmic fraction was prepared and counted. This labeling procedure is known to selectively label vaccinia RNA which is synthesized in the cytoplasm (1). Cells not superinfected with vaccinia wer-e also labeled and served as controls. RNA was also purified after labeling the cells for 30 min with 3H-uridine. The RNA prepared from the cytoplasmic fraction was tested for its ability toanneal with Ad2 DNA or with vaccinia DNA. The results ( Table 3 ) clearly indicate that vaccinia RNA is synthesized in adeno-preinfected cells at nearly the normal rate. Thus, the inhibition of enzyme synthesis and uncoating observed cannot be attributed to an inhibition at the level of transcription.
Does vaccinia RNA associate with ribosomes in Ad2-infected cells? Since vaccinia RNA is synthesized without the concomitant synthesis of vaccinia proteins, we analyzed the cellular polysome fraction for its content of vaccinia RNA. In cells preinfected with Ad2 for 24 hr, little if any vaccinia RNA was found associated with polysomes after a 10-min pulse (Fig. 4b) . In mock-infected vaccinia infected controls, most of the cytoplasmic vaccinia RNA was found in the polysome fraction (Fig. 4a) . Thus, it appears that the primary event in the inhibition of vaccinia reproduction by Ad2 is an inhibition at the level of translation which results in a failure to find vaccinia messenger RNA associated with ribosomes. here is selective for vaccinia proteins. This mechanism is therefore different from that observed with Ad5 fiber antigen (13, 14, 16) . Ad5 fiber antigen appears to inhibit DNAdependent RNA polymerase activity in Ad5-infected cells, possibly by binding to DNA. The latter antigen is non-specific in its inhibition since it affects even the replication of adeno, uninfected cells, and other viruses. The Ad2 function discussed here is specific and inhibits at the level of translation rather than at the level of transcription. It seems plausible that the observed inhibition of vaccinia virus protein synthesis is mediated by the same mechanism that is responsible for the specific inhibition of host cell protein synthesis in cells infected with Ad5 (2). In the latter case host protein synthesis was not inhibited until late in the Ad5 infection cycle, and it was probably mediated by a viral late function (perhaps a viral capsid protein) since the inhibition did not occur in cells treated with 5-fluorodeoxyuridine to inhibit viral DNA synthesis. The authors of the above study (2) suggested that the observed inhibition of host protein synthesis occurs at a level other than transcription of host cell RNA.
